The proglacial fluvial archive is a largely unexploited source of information on upvalley glacier fluctuations. Streams may respond to fluctuations of glaciers in their headwaters by aggrading up or incising their floodplains. The resulting changes in local base level can be preserved in the valleyfill stratigraphy. Although potentially difficult to decipher, valley-fill stratigraphies may be more complete than the record of glacier fluctuations derived from landforms and sediments the forefields themselves. At the very least, they complement and strengthen the glacier forefield evidence.
This paper documents the response of the west fork of the Nostetuko River valley, located in the southern Coast Mountains of British Columbia (Canada), to changes in sediment supply during Neoglaciation -the last half of the Holocene. We have two objectives: first, to add to the knowledge of Holocene glacier fluctuations in British Columbia; and second, and more generally, to demonstrate the potential of fluvial archives for deciphering past alpine glacier activity. Field inspection of the upper part of the sediment fill revealed a series of clastic sediment units interstratified with peats containing rooted stumps that were subsequently radiocarbon dated. We show that sediment supply is intimately linked to fluctuations of glaciers at the head of the valley. Radiocarbon ages on stumps at the tops of the peat layers closely constrain times of glacier advances within the watershed. These times agree with those determined independently by other researchers working elsewhere in western North America.
Study area
The study area is the valley of the west fork of Nostetuko River in the southern Coast Mountains of British Columbia, 220 km north of Vancouver (Fig. 1) . The west fork flows 11 km north and east from its source to the main stem of Nostetuko River (Fig. 2) . It is fed mainly by meltwater from valley glaciers at the edge of Homathko Icefield. A major tributary of the west fork flows from Queen Bess Lake, a moraine-dammed lake that partially drained during an outburst flood in August 1997 (Kershaw 2002; Kershaw et al. 2004) .
Queen Bess Lake is impounded by a large composite moraine produced by at least two advances of Diadem Glacier (Kershaw 2002) . The lake formed behind the composite moraine during glacier retreat in the late 1800s and early 1900s. In 1997, a large ice avalanche fell from the toe of Diadem Glacier into Queen Bess Lake, generating displacement waves that overtopped and incised the moraine. The resulting flood eroded sediments in the valley below the dam, causing aggradation upstream and downstream of channel constrictions (Fig. 2) . It also created exposures of the upper part of the valley fill, which enabled this study.
Methods
The aggradation history of the west fork of Nostetuko River was determined through stratigraphic, sedimentological and geochronological analyses of sections. Fieldwork was conducted during the summer of 2004. Detailed topographic maps (1:5000 scale), constructed from aerial photographs flown in 1998 -one year after the outburst floodwere used to map deposits and landforms. Locations of sections, terraces, trimmed colluvial fans and tree stumps exhumed by river incision were located (+10 m) using a hand-held GPS unit and crossreferenced with the topographic maps. These data were subsequently entered into a Geographic Information System (GIS).
Detailed sedimentological and stratigraphic logs were made of exposed valley-fill sediments at seven sites (Fig. 2) , and additional observations of sediments and landforms were made at many other locations. Sections were logged using a metric tape and a barometric altimeter (elevation accuracy of +5 m). Recorded data included grain size (field estimates), sorting, sedimentary structures, Munsell colour, unit thickness, the nature of unit contacts and fossil plant remains.
Samples of in situ tree stems, fossil roots and detrital plant fossils were collected from peat layers and rooting horizons, and submitted to Beta Analytic for conventional (radiometric) 14 C analysis. Radiocarbon ages were calibrated using the software OxCal v. 4.0 (Bronk Ramsey 1995 , which is based on the decadal data of Stuiver et al. (1998) . The radiocarbon ages provide chronological control on periods of stability and aggradation in the valley.
Disks of radiocarbon-dated in situ fossil conifer stumps and logs in exposed peat layers were collected for tree-ring analysis. Samples were air-dried and sanded several times with progressively finer sand paper. Annual tree-ring widths were measured to the nearest 0.001 mm along up to four radii for each tree sample using a Velmex-type measuring stage, a Leitz stereomicroscope and the Measure J2X measuring program. Samples were cross-dated to establish floating chronologies by visually comparing marker rings and by employing the statistical correlation and verification procedures within the ITRDBL (International Tree-Ring Data Bank Library) tree-ring dating software program COFECHA (Holmes 1999; Grissino-Mayer 2001) . Segments that were not significantly correlated were re-measured and corrected to account for radial growth anomalies and missing or false rings.
The age of the oldest living tree on a surface provides a minimum age for that surface, after corrections for local ecesis and sampling height have been applied (McCarthy et al. 1991; Wiles et al. 1999) . Ecesis, defined as the time between surface stabilization and germination of the first seedling, has been shown to range from 1 to 100 years in the Pacific Northwest (Sigafoos & Hendricks 1969; Desloges & Ryder 1990; McCarthy et al. 1991; Smith et al. 1995; Wiles et al. 1999; Luckman 2000; Lewis & Smith 2004) . Ecesis intervals of 1-4 years have been documented in the Coast Mountains at Tiedemann Glacier (Larocque & Smith 2003) , and on Vancouver Island at Colonel Foster and Septimus glaciers (Lewis & Smith 2004) . Seedlings growing on the floodplain scoured by the 1997 Queen Bess outburst flood were no more than 5 years old when we conducted fieldwork in 2004, suggesting that ecesis in the west fork valley is 1-2 years. Two years were therefore added to the outer ring ages of in situ stumps to correct for ecesis.
Sampling height errors occur when annual growth rings are lost due to sampling above the root crown (McCarthy et al. 1991) . Larocque & Smith (2003) proposed a regional correction factor of 1.35 cm year 21 for subalpine fir seedlings on valley floors in the Mount Waddington area. This correction was applied to all in situ stumps. Sampling height corrections cannot be applied to detrital logs.
Results

Geomorphology
The west fork of Nostetuko River flows through rugged terrain with local relief of up to 2000 m. Alluvial reaches are separated by short rock canyons located approximately 1 and 6 km north of Queen Bess Lake (Fig. 2) . The canyons control valley gradients and local base levels. The average gradient of the west fork of the river is 3.88, but it ranges from a maximum of 148 in the upper rock canyon to a minimum of about 0.58 along broad alluvial reaches (Kershaw 2002) .
The river flows over sediments deposited by the 1997 outburst flood (Kershaw 2002; Kershaw et al. 2004 ). The flood sediments, which are nested within the fluvial sediments and peats that are the focus of this study, are poorly sorted, cobbleboulder gravel. Sand and silty sand were deposited locally along the margins of the flood path and in areas upstream of constrictions, where hydraulic ponding occurred during the outburst flood.
The flood altered the planform of the west fork of Nostetuko River. Prior to the flood, the west fork had a single dominant channel with local lowgradient, multi-channel reaches. The flood changed the position of the main channel and temporarily imposed a braided planform on the active floodplain. Over the past 10 years the west fork has incised its flood deposits and partly re-established its pre-flood form.
Lateral migration of the west fork is constrained by the steep valley slopes and colluvial fans and aprons draping the valley walls. The fans and aprons are eroded at times during floods and, thus, are an important source of sediment to Nostetuko River. A large moraine fan is located on the west side of the valley 1.5 km downvalley of Queen Bess Lake (site 1 in Fig. 2 ; see also Fig. 3 ). The fan comprises bouldery colluvium deposited on the distal side of a terminal moraine constructed during middle and late Neoglacial time. It is an important source of sediment to the west fork of Nostetuko River.
Four terraces are inset into a large gravel fan directly below the upper bedrock canyon and adjacent to the moraine fan mentioned above (site 2, Fig. 2 ; see also Fig. 4) . The upper two terraces (T-1 and T-2) support sharp-crested boulder levees composed of crudely bedded boulder and cobble gravel. The levees are bordered by better-sorted cobble gravel associated with relict channels. The uppermost terrace (T-1) is partly vegetated, and it and T-2 support lichens (Rhizocarpon spp) up to 3 cm in diameter. The lower two terraces (T-3 and T-4) were swept by the 1997 outburst flood and, thus, lack lichens.
Aggradation of the outwash fan to the T-1 level probably occurred during the Little Ice Age when the outer, sharp-crested terminal moraine at the east end of Queen Bess Lake was constructed by Diadem Glacier (Kershaw 2002) . T-2 is inset into, and therefore younger than, T-1. It probably dates to the late 1800s or early 1900s (Kershaw 2002) . T-3 records the upper limit of aggradation of the 1997 flood. T-4 formed during the waning stage of the flood or soon thereafter.
A 30 cm-thick, buried soil exposed in the scarp of T-2 contains in situ stumps and abundant detrital plant material (Fig. 5) . Kershaw (2002) Table 1 ) on a root in the soil. The soil is underlain and overlain by cobble-boulder gravel. The stratigraphy at this site demonstrates that T-2 formed some time after AD 1400 (Kershaw 2002) . The buried soil rests on a floodplain that records a bed elevation 8 m higher than present.
Study sites 3 -11 are located on the floor of the west fork of Nostetuko River 3.4-6.6 km downvalley of Queen Bess Lake (Fig. 2) . These study sites include riverbank exposures (sites 5, 7, 8, 9 and 10), the near-vertical wall of a channel eroded by the 1997 flood (sites 3 and 4), and localities where rooted stumps on the valley floor were exhumed by the flood (sites 6 and 11).
Terraces are uncommon along the west fork, but notable exceptions occur 3.5 and 7 km north of Queen Bess Lake (Fig. 2 ). Both terraces are 1-2 m above present river level, support forest at least 100 years old and were not inundated by the 1997 flood. They record a higher bed elevation prior to the twentieth century and may correlate with terrace T-2 further upvalley. Fig. 2 ). An in situ root in the scarp below T-2 yielded a radiocarbon age of 370 + 50 14 C years BP (Kershaw 2002) .
Sedimentology
In general, only the uppermost several metres of the Nostetuko valley sediment fill are exposed. Although this part of the fill varies both laterally and vertically, careful lithostratigraphic logging of sections revealed four dominant lithofacies, which are briefly described and interpreted below. The description excludes the capping 1997 outburst flood deposits because they have been described elsewhere (Kershaw 2002; Kershaw et al. 2004 ).
Gravel facies. Gravel units are present at six of the seven valley-floor sections (Figs 6 and 7). They are pebble-cobble in size, dominantly clast-supported, horizontally bedded, and locally imbricated and ironstained. Clasts are subangular-well rounded, and the matrix comprises sand and granules. Gravel occurs at the base of four sections (e.g. Fig. 8 ) and as discontinuous lenses up to 15 cm thick within finer grained sediments at six sections (Fig. 6 ).
The gravel facies records deposition in highenergy channels of braided or wandering rivers. Horizontal stratification and clast imbrication suggest deposition on near-horizontal surfaces such as braid bars, medial and lateral bar complexes, and channel floors. These environments are common in braided and wandering gravel-bed rivers (Bluck 1979; Church 1983; Desloges & Church 1987; Brierley 1996; Sambrook Smith 2000; Lewin et al. 2005) .
Sand facies. Massive and stratified sand is the dominant sediment of the uppermost part of the valley fill . Tabular and lenticular beds of mottled and oxidized, massive, well-sorted, very finemedium sand occur at all sites. Beds of planar crossstratified and ripple-stratified, medium-coarse sand are also common. Horizontally laminated fine -very fine sand is interstratified with the coarser sand. Laminae are typically flat to undulating. Smallscale, trough cross-stratified, fine -medium sand occurs in the uppermost 0.5 m of the sequence at three sites (Fig. 6 ). Sand beds commonly have sharp lower contacts and sharp -gradational upper contacts (Fig. 9) .
The sand facies records deposition in channels, bars and levees. Rippled and horizontally bedded sand may have been deposited under a range of flow conditions, from lower-flow regimes in back Table 1 for details on radiocarbon ages. channels to upper-flow regimes in the main active channels (Desloges & Church 1987) . Discontinuous, lenticular beds of structureless to cross-stratified sand were deposited in channels immediately before they were abandoned. Trough cross-stratified sand records in-channel migration of large lunate ripples and bars. These bedforms are typically transitory, as variable flow depths and velocities impede preservation (Desloges & Church 1987 ).
Fine facies. The fine facies consists of massive, bedded, and laminated very fine sand, silt and minor clay (Fig. 10 ). Strata range from laminae a few millimetres thick to beds up 17 cm thick. Fine sediments dominate sections of valley fill up to 1 m thick, but isolated, lenticular strata are also common. Sediments are mainly olive grey, but locally are oxidized and mottled. Interbeds of coarser sand, fibrous peat and plant detritus occur within the fine facies. The laminated and bedded fine sediments were deposited in an overbank depositional environment.
Sediments commonly fine upwards from an erosive base, reflecting scour during the rising stage of a flood, followed by deposition during the waning stage (Brierley 1996) . Massive, very fine sand and silt record either rapid deposition during floods or bioturbation (Collinson 1996) .
Organic facies. Beds and laminae of brown peat and silty peat are abundant at all sites (e.g. Figs 6, 8 and  10 ). The strata range from a few millimetres to 18 cm (Table 1) were obtained on the outer rings of the two stumps.
thick. Thicker layers comprise woody and herbaceous peat mats with tree stumps in growth position (Figs 8 -10 ). Roots of herbaceous plants and trees extend downwards from the organic horizons into underlying silt and sand. Contacts with overlying sediment are typically sharp, whereas basal contacts are either sharp or gradational.
The organic facies records soil development and peat accumulation on poorly drained, stable floodplain surfaces. River-bed elevation was either stable or dropping at times of peat deposition and soil development. Some peat layers are unconformably overlain by coarse sand or gravel, indicating that they were eroded and buried during aggradation following the stable floodplain phase.
Stratigraphy
Correlation of strata in high-energy proglacial fluvial systems based solely on lithofacies is difficult. Thicknesses and lithologies of units differ markedly over short distances, and peaty soils present at one site may be missing at others owing to erosion. Sequences of gravel and sand facies alternate with sequences dominated by fine sediment at all of the studied sections in the west fork Nostetuko valley (Figs 6 and 9 ). Coarse gravel is exposed at the base of four sections in sharp contact with overlying fine sand. Gravel also overlies massive and laminated silt higher in the sequence at sites 7 and 9. Contacts between fine-grained sediments and overlying coarser sand and gravel are sharp and erosive. Coarse sand and granule-rich sand dominate the uppermost 1.5 m of the valley-fill sequence at all sites. These sediments overlie massive and laminated silt with layers of peat and plant detritus.
All sections have multiple peat layers that record episodic floodplain stability. Units of sand and silt with abundant plant matter alternate with the peat layers. Fine-grained beds commonly have gradational contacts with overlying peat layers, whereas the latter are typically sharply overlain by silt or sand.
The vertical succession of sediments, with numerous erosion surfaces and abrupt changes in facies, indicates frequent changes in river stage and channel position (Miall 1977 (Miall , 1978 . Laterally discontinuous units of sand and gravel within finegrained sediment are typical of near-channel floodplain environments (Smith 1983; Marren 2005) . Sequences of silt suggest periods of overbank deposition and floodplain accretion, whereas coarser sediment probably records deposition in channels.
Chronology
Age constraints provided by radiocarbon dating and stratigraphic relations allow tentative correlation of some peat layers and documentation of periods of floodplain stability. Dark brown, herbaceous peat mats at sites 6 and 9 contain discontinuous lenses of massive fine sand and silt, and may correlate (Fig. 6 ). Two thin, dark brown peat layers at sites 3 and 4 occur at depths of 2.3 and 2.1 m, respectively. At both sites they are separated by about 2 cm of fine sand and silt. Peat layers just above the basal gravel units at these sites and also at site 7 are correlated on the basis of radiocarbon ages obtained on in situ roots. Radiocarbon ages on tree stumps allow correlation of a thick, herbaceous peat at site 10 with the submerged peat bed at site 9.
Twenty-five samples of wood were radiocarbon dated, all but one for this study (Table 1) . Samples were chosen to date peat beds that had been tentatively correlated based on stratigraphic relations. Nineteen of the 25 samples are outer rings of fossil trees in growth positions at or near the tops of peat layers. Their ages are interpreted to be the time of death, and, presumably, burial of the trees, and thus closely limit times of aggradation. The other six samples are fragile branches and twigs in peat that are unlikely to have been reworked. The ages of these six samples, nevertheless, must be considered maxima for the age of the sediments from which they were collected.
The oldest radiocarbon age (5810 + 70 14 C years BP) is from the outer 10 rings of a stump rooted in a peat below modern river level at the downvalley end of the study area (site 11, Fig. 2) . A branch at the base of the moraine fan below the upper bedrock canyon (site 1) gave an age of 2790 + 60 14 C years BP. The two youngest radiocarbon ages, 110 + 60 and 130 + 50 14 C years BP, are from silty and sandy peat layers within the uppermost 1.5 m of sediment at site 7.
Cluster analysis was performed on the suite of 25 radiocarbon ages to determine whether the ages are randomly distributed or grouped. Two methods (average linkage between clusters or Euclidean distances; and Ward's method with squared Euclidean distances) gave the same age groups when seven clusters were specified (Fig. 11) . The age groupings are consistent with the provisional correlations of peat layers based on field observations and stratigraphic relations at measured sections.
The oldest 'group' is actually a single radiocarbon age of 5810 + 70 14 C years BP, obtained from the outermost rings of a rooted stump at site 11. The second group is a radiocarbon age of 2740 + 60 14 C years BP at site 1. The third group comprises four ages at site 10, centred on 2400 14 C years BP. The fourth group consists of three radiocarbon ages ranging from 1300 + 70 to 1160 + 50 14 C years BP at sites 9 and 10. The three samples that yielded these ages are growth-position fossils in a thick peat. The fifth group includes three ages ranging from 1030 + 50 to 940 + 50 14 C years BP at sites 3, 4 and 7. The sixth group comprises eight ages ranging from 710 + 60 to 470 + 60 14 C years BP at sites 3-7 and 10. The seventh group includes five ages ranging from 370 + 50 to 110 + 50 14 C years BP at sites 2, 3 and 7. The greater abundance of ages in groups 6 and 7 reflects the better preservation of the youngest sediments and, thus, some bias in sampling.
Discussion
Ages of peat layers and aggradation episodes
The oldest stable floodplain recorded in this study is the surface at the north end of the study area (site 11), dated at 5810 + 70 14 C years BP (6840-6506 calendar years (cal years) BP). Bed elevation at this time was lower than today because the dated tree and others in the same area are rooted below present river level.
A radiocarbon age of 2790 + 60 14 C years BP (3123-2826 cal years BP) on a branch at the base of the moraine fan at site 1 indicates that moraine construction began at or shortly after this time. Cluster analysis separates this age from a group of four, statistically equivalent, radiocarbon ages, which mark the beginning of a period of significant aggradation about 2500 cal years ago at site 10.
The fourth and fifth groups of radiocarbon ages record floodplain stability at, respectively, about 1300-1200 (1400-1000 cal years BP) and 1000 14 C years BP (1100-800 cal years BP). Both periods of floodplain stability were followed by aggradation. The ages are youngest at upvalley sites, which are nearer sediment sources, and oldest at downvalley, more distal sites.
Cluster analysis separates the youngest radiocarbon ages into two groups. The older group represents at least two peat beds that range in age from 710 + 60 (797 -609 cal years BP) to 470 + 50 14 C years BP (696 -378 cal years BP) and occur primarily in fine-grained sediments. The younger group of radiocarbon ages is derived from peat layers in coarse sandy sediments. The ages range from 370 + 50 (564-372 cal years BP) to 110 + 60 14 C years BP (340 -64 cal year BP). Considering all the ages in groups 6 and 7, and their stratigraphic context, we suggest that there were several phases of aggradation during the Little Ice Age -an early phase about 600 cal years BP, one or more subsequent phases after 600 cal years BP, but before 370 cal years BP, and one or more phases late during the Little Ice Age, after 340 cal years BP, but before the beginning of the twentieth century.
We cross-dated the ring series of stumps rooted in Little Ice Age peat layers in order to better delimit durations of periods of floodplain stability. The length of time spanned by each peat layer, which must equal or exceed the lifespan of its associated trees, provides a constraint on the ages of stable and aggradation intervals. The length of time between the death of trees on a floodplain surface and the inception of tree growth on the next younger surface is a maximum for the period of intervening aggradation.
Three floating ring series were established for Little Ice Age peat layers containing rooted stumps (Fig. 12) (Wilkie 2006) . One floating ring series is anchored by the radiocarbon age of 620 + 50 14 C years BP on outer rings of an in situ stump in peat. Cross-dating of this sample with ring series of other stumps in the same peat bed (r ¼ 0.434, significant at the 99% confidence level) produced an uncorrected floating chronology of 176 years. Corrections for ecesis and sampling height extended the interval by 5 years to 181 years. Individual tree series end within 14 and 19 years of one another. The outer surfaces of the analysed samples are weathered, consequently an unknown number of rings have been lost and precise kill dates are unknown.
A second floating ring series is associated with a radiocarbon age of 370 + 50 14 C years BP on an in situ stump, reported by Kershaw (2002) . A disk from an adjacent stump on the same surface was cross-dated with two other samples 2 km downvalley (r ¼ 0.420, significant at the 99% confidence level). The uncorrected chronology records surface stability for a minimum of 237 years. This interval was extended to 254 years by applying corrections for ecesis and sampling height (Fig. 12) . The minimum kill dates are within 12 and 34 years of each other.
A stump with 127 annual rings in the youngest peat layer cross-dated into a living subalpine fir master chronology of Larocque & Smith (2003) (r ¼ 0.438, significant at the 99% confidence level). Assuming the cross-date is correct, the ring series dates to 168-41 cal years BP. With the addition of ecesis and sampling height corrections, the stump has a lifespan of about 142 years and dates to 183-41 cal years BP (Fig. 12) .
In summary, three intervals of surface stability and peat deposition during the Little Ice Age span, from oldest to youngest, more than 181, 254 and 142 years (i.e. the number of years in the floating tree-ring series). The three stable intervals were followed by three periods of aggradation, during which the peat layers were buried.
Times of Little Ice Age floodplain stability and aggradation can be further constrained by considering: (1) the extreme limits of the calendric age ranges; and (2) the minimum duration of deposition of the peat layers (Fig. 12) . The youngest of the three periods of aggradation began some time between 183 and 41 cal years BP, probably in the nineteenth century. Therefore, the most recent interval of peat deposition must have begun before 183 cal years BP. It was preceded by a period of aggradation that began some time between 372 and 471 years BP (based on constraints imposed by the radiocarbon ages of 370 + 50 and 620 + 50 14 C years BP; Fig. 12 ). The oldest aggradation interval began some time between 626 and 725 cal years BP (based on constraints imposed by the radiocarbon age of 620 + 50 14 C years BP and a minimum of 254 years of surface stability that followed; Fig. 12 ). The oldest of the three intervals of surface stability began more than 807 cal years BP (constraints imposed radiocarbon ages and accumulated minimum durations of subsequent stable intervals).
This simple analysis shows that the three intervals of floodplain aggradation during the Little Ice Age date, from youngest to oldest, to less than 183 cal years BP, between 471 and 183 cal years BP, and between 725 and 626 cal years BP. It must be emphasized that these dates are only limits on times of aggradation. Because peat layers without in situ stumps have not been included in the analysis, aggradation probably occurred over a shorter period within each of these intervals. In addition, thin peat layers, without stumps, have not been included in this analysis; the sequence of aggradation and incision thus is more complex than suggested here.
Relation between aggradation and glacier activity
The generally accepted paraglacial paradigm is that sediment yield increases during glacier retreat (Church & Ryder 1972) . The rate of paraglacial sedimentation is initially highest during retreat and declines as sediment sources are exhausted or stabilized (Church & Ryder 1972; Church & Slaymaker 1989) . The paraglacial concept, however, was originally developed for regional-scale, ice-sheet deglaciation, and its applicability to small alpine catchments with much smaller glaciers is uncertain.
During alpine glacier advance, initial incision due to increased competence of meltwater streams is quickly followed by aggradation as sediment supply increases (Maizels 1979) . Sediment stored within and beneath glaciers is delivered at an increasing rate to fluvial systems as glaciers advance (Karlén 1976; Maizels 1979; Leonard 1986 Leonard , 1997 Karlén & Matthews 1992; Lamoureux 2000) . Similarly, subglacial erosion increases during glacier advance, and meltwater may carry more sediment into river valleys than at times when glaciers are more restricted (Clague 1986 (Clague , 2000 . Paraglacial sediment pulses may propagate rapidly downstream in narrow mountain valleys when glaciers advance to maximum positions and, subsequently, as they begin to retreat. Glacier retreat typically exposes large areas of unstable, poorly vegetated sediment that is easily transferred to the fluvial system, causing valley-wide aggradation and complex changes in channel planform (Church 1983; Desloges & Church 1987; Gottesfeld & Johnson-Gottesfeld 1990; Brooks 1994; Ashmore & Church 2001; Clague et al. 2003) .
Many researchers have linked increased sediment yield and aggradation to periods of more extensive ice cover and glacier advances (Karlén 1976; Karlén & Matthews 1992; Leonard 1986; 1997; Nesje et al. 2000; Menounos 2002; Davies et al. 2003; Menounos et al. 2004) . Increased glacial erosion and sediment production during glacier advance, coupled with climatically induced changes in discharge and sediment yield, can cause rivers to aggrade their beds (Knighton 1998) . Sediment delivery to streams in the Coast Mountains, for example, increased during the Little Ice Age (Church 1983; Gottesfeld & JohnsonGottesfeld 1990) .
Times of forest death and sediment burial in the Nostetuko valley (Fig. 11 ) are similar to ages of previously documented Holocene glacier advances in the Coast and Rocky Mountains and parts of Alaska. This temporal association thus implies that sediment delivery to the fluvial system increased at times of glacier advance. Evidence for middle Holocene advances in western Canada is sparse because landforms and associated sediments were overridden, eroded and buried during later glacier expansion (Mathews 1951; Luckman 1986; Osborn 1986; Ryder & Thomson 1986; Ryder 1987; Desloges & Ryder 1990 ). However, dating of fossil stumps in a few glacier forefields and sediment records from proglacial lakes show that glaciers advanced 6900-5700 cal years BP (the Garibaldi Advance: Ryder & Thomson 1986; Koch et al. 2003 Koch et al. , 2004 Smith 2003; Menounos et al. 2004) . Advances of this age are also recognized in interior and coastal Alaska (Calkin 1988) . The oldest phase of fluvial aggradation in the west fork of Nostetuko valley coincides with this event.
Another period of aggradation coincides with the Tiedemann Advance. At its type locality, 30 km NW of the study area, the Tiedemann Advance has been dated to 3600-1900 cal years BP, with a culmination around 2400 cal years BP (Ryder & Thomson 1986; Arsenault et al. 2007 ). The radiocarbon age of 2790 + 60 14 C years BP (3123-2826 cal years BP) from sediments just above bedrock in the moraine fan at site 1 records a local advance of glaciers to near their Neoglacial limit. The oldest fluvial aggradation age, several kilometres downvalley, is slightly younger, 2490 + 70 14 C years BP (2796-2423 cal years BP), suggesting a lag in response at that site. Reyes et al. (2006) provide evidence from many mountain ranges in western North America for an advance of glaciers beginning about 1700 cal years BP and culminating after 1400-1300 cal years BP. Lichenometric studies record at least two advances of Tiedemann Glacier during this interval, one about 1380 cal years BP and the other around 1070 cal years BP (Larocque & Smith 2003 (Larocque & Smith 2003) . One or more glacier advances in the southern Rocky Mountains at the same time have been documented by Osborn & Luckman (1988) , Leonard & Reasoner (1999) and Luckman (2000) . Koch et al. (2003) have identified a Little Ice Age advance of the same age in Garibaldi Park.
Floodplain stability commencing between 725 and 626 cal years BP, and ending between 471 and 372 cal years BP, lasted at least 254 years and probably corresponds to a documented warm interval within the Little Ice Age, separating early and late Little Ice Age glacier advances (Ryder & Thomson 1986; Ryder 1987; Desloges & Ryder 1990; Clague & Mathewes 1996; Calkin et al. 1998; Wiles et al. 1999; Luckman 2000; Smith & Desloges 2000; Koch et al. 2003; Larocque & Smith 2003) . Berendon Glacier in the northern Coast Mountains was less extensive than during the historic period between 570 and 350 cal years BP . Temperatures in the Canadian Rocky Mountains during the sixteenth century and early and middle seventeenth century were also above average (Luckman 2000; Luckman & Wilson 2005) .
The period of valley-wide aggradation delimited by ages of 471 and 183 cal years BP coincides with the climatic Little Ice Age advance of the Diadem Glacier and construction of its outermost moraine. Radiocarbon ages of 490 + 60 14 C years BP (708 -391 cal years BP) from a peat clast within till of the outer moraine at Queen Bess Lake and 370 + 50 14 C years BP (564-372 cal years BP) from a stump in growth position below the T-2 terrace (Kershaw 2002) are maxima for the time that the Diadem Glacier achieved its greatest Holocene extent. A radiocarbon age of 180 + 50 14 C years BP (362 -55 cal years BP) from fine-grained fluvial sediments overlying ice-proximal outwash is a minimum for the retreat of the glacier from the moraine (Kershaw 2002) . Lichen measurements suggest that the outer Diadem Glacier moraine was abandoned in the middle or late nineteenth century (Kershaw 2002) .
Glacier mass balance and dendroclimatic reconstructions for the Mount Waddington area indicate cool-wet conditions throughout the eighteenth and early nineteenth centuries (Larocque & Smith 2005a, b) . Summer temperatures in the Rocky Mountains during the late seventeenth century were the lowest of the past 1000 years (Luckman & Wilson 2005) . A major moraine-building episode in the late seventeenth and early eighteenth centuries, documented in Alaska, and the Coast and Rocky Mountains (Desloges & Ryder 1990; Clague & Mathewes 1996; Calkin et al. 1998; Wiles et al. 1999; Luckman 2000; Smith & Desloges 2000; Koch et al. 2003; Larocque & Smith 2003; Lewis & Smith 2004) probably coincides with construction of the outer moraine of the Diadem Glacier and the youngest aggradation period. Leonard (1997) documented high sedimentation rates at Hector Lake from the early eighteenth century until the mid-nineteenth century, with a peak in the first two decades of the eighteenth century.
Completeness and sensitivity of record
Moraine records have long been used to reconstruct glacial histories. However, most moraine systems record only recent glacier fluctuations because the major advances of the Little Ice Age destroyed or buried much of the evidence of earlier glacier activity. Researchers have partially overcome this problem by examining more complete, although indirect, proxy records, including lacustrine varves and sheared and detrital logs in glacier forefields (Karlén 1976; Leonard 1986 Leonard , 1997 Karlén & Matthews 1992; Souch 1994; Leonard & Reasoner 1999; Luckman 2000; Nesje et al. 2000; Menounos 2002; Koch et al. 2003 Koch et al. , 2004 Smith 2003; Menounos et al. 2004) . Another, largely unexploited, archive of proxy information is fluvial deposits within glacierized basins. The sensitivity of the fluvial system to climate change has long been acknowledged, but fluvial deposits have not been widely used to reconstruct glacial histories. Our research shows that, in favourable settings, the fluvial system is extremely sensitive to low-magnitude climate change on decadal and centennial timescales. Increases in sediment supply, and attendant aggradation, in the west fork of Nostetuko River valley coincide with independently dated, late Holocene glacier advances. Fluvial sequences may also provide a more complete record of Holocene glacier and climate change than deposits and landforms in glacier forefields, which are strongly biased toward the late Little Ice Age.
Conclusion
Evidence of Holocene glacier fluctuations at the head of the west fork of Nostetuko River is preserved in the downvalley sedimentary sequence. The upper part of the valley fill records most of the independently documented, late Holocene glacier events in western Canada, including the Garibaldi Phase, Tiedemann Advance, First Millennium AD advance and the Little Ice Age. Much of the detail of glacier activity in the Nostetuko River watershed during the Little Ice Age appears to be archived in the valley fill. Specifically, periods of floodplain stability, recorded by peat beds and forest growth, coincide with times when glaciers were restricted. Major periods of aggradation coincide with times when glaciers were more extensive than today. The results of this study demonstrate that at least some mountain rivers are sensitive indicators of glacier fluctuations on decadal and centennial timescales. Fluvial archives in mountain valley provide a useful complement to evidence of glacier fluctuations preserved in glacier forefields.
